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methanol. More modern methods involve extracting from rice cultures (infested and 
incubated for a month) ground to a powder using n-hexane which removes other 
materials and leaves behind a residue containing the toxin. This residue is extracted with 
ether which dissolves the toxin and is filtered off. 


Citreoviridin is soluble in acetone, chloroform, benzene and ethanol (and other 
alcohol) and is insoluble in n-hexane and water. It forms dark yellow, crystalline needles 
which melt at 100-111 C. The LD50 reported for mice is .2 mg/10gm body weight. The 
crude extracts fluoresce a glittering golden yellow or brilliant cadmium orange under 
ultraviolet light. Its toxicity disappears when the fluorescence disappears which can be 
caused by exposure to sunlight. Fluorescent measurements inside of animals tested 
indicate the toxin distributes widely in the body including the brains, kidneys, liver, and 
almost all other tissues. In surviving animals, it is quickly eliminated from the body and 
is found in the urine, bile, milk and vomitus. 


Since the 1970’s, more than 29 other toxins have been isolated from various 
strains of P. islandicum. Some of these are potent hepatotoxic carcinogens including 
luteoskyrin. Some of these toxins were much more toxic (.5 mg/Kg or less) in test 
animals when purified, but could not be produce in the laboratory in large enough 
amounts for large scale study. To produce these toxins, the fungus was cultured on 
Czapek medium (both liquid fermantation and plated) that was enriched with .5% yeast 
extract and .5% casamino acids. Spores (10ml) were used to inoculate the medium which 
was incubated at 30 C for two weeks. The grain fermentations used 300 grams of grain 
moistened with 150 ml of water. Most of the toxins were extracted with acetone and/or 
water. Rice, wheat and corn were the best producers of the most toxic extracts. 


6) P. roquefortti_ and PR toxin 


P. roquefortii is used in the fermentation of blue cheeses since AD500 and is 
frequently found in cool stored food products and is known for the PR toxin it produces. 
It is found in all blue cheeses samples from all countries tested. It produces a toxin called 
roquefortine that is produced with high yields when the fungus is grown on medium 
containing 15% sucrose and 2% yeast extract for 16 days at 25 C. Other toxins have also 
been extracted. Roquefortine has also been recovered from P. oxalicum. 


The toxic extract causes severe tremor and convulsions in test animals. The PR 
toxin is lethal to mice and rats by all routes of administration. It increases capillary 
permeability which leads to severe systematic dehydration and a decrease in blood 
volume. It directly damages the lungs, heart, liver and kidneys. The LD50 ranges from 1- 
14 mg/Kg when injected and 70-115 mg/Kg by oral routes. It is soluble in DMSO. 


7) P. rubrum and the Rubratoxins 


In 1953, scientists examined moldy corn that caused disease and death in pigs and 
cattle. They grew 13 cultures of fungi from the moldy samples and found only two which 
yielded toxic extracts. These were A. flavus and P. rubrum. They contaminated fresh corn 
with both isolates and found that the P. rubrum infected corn was far more toxic. A single 
dose of only ¥2 # of moldy corn was sufficient to kill pigs in a single day where A. flavus 
required 7-8# and 4-5 days for mortality. 


P. rubrum belongs to a group of penicillia that produces pigments ranging from 
yellow, orange, deep red, and purple-red. The speices is widespread in nature and is 
found in soil and decaying organic matter, especially dead plant material. It has been 
isolated from cereal grains, legumes, peanut pods, sunflower seeds and bran. The cultures 
can show wide variation when sub-cultured for any length of time on laboratory media. 
On Czapek media, cultures vary from thin gray-green and heavily sporing to thick 
colonies with a dense felt of irregularly pigmented aerial mycelium and only localized 
areas of sparse sporulation. The pigment on the underside can also vary from one isolate 
to another. This can range from intensely deep red to almost black. 


The colonies have smooth conidiophores which end in a verticil of 3-5 metulae. 
Each in turn has a verticil of a similar number of very lanceolate sterigmata. The 
uniformly smooth walled conidia vary in dimensions and be subglobose or even strongly 
elliptical. 


P. rubrum does not grow or produce toxin well on many media. Good early results 
were reported using cracked hard corn moistened with 1% sucrose. Recovery of up to | 
gram of toxin per liter were reported in 21 days on stationary cultures. The culture 
extracts were able to produce symptoms in animals similar to that of natural outbreaks of 
moldy corn toxicosis. Medium containing yeast extracts and malt extract plus zinc also 
enhance growth and production. Toxin production peaks at 7-21 days and declines 
therafter. Good extractions are produced with di-ethyl ether soaking the sample for 10-12 


hours in a continuous solvent-liquid extractor. As the toxin concentrates in the solvent it 
eventually crystallizes as long needles. 





Normal and aboonmal pemicill of P. rade 


The toxin is excreted outside the mycelium and not retained. The washed and 
dried mycelium is not toxic to the test animals. During the culture growth, the pH drops 
rapidly and remains at 2.5-2.7 until the culture begins to autolyze. The colony first 
produces orange pigment on the surface and then orange at the base of the mycelial felt. 
This occurs only when logarithmic growth has begun to subside. Other color pigments 
occur from toxic metabolites as they are produced. Toxin producing isolates often lose 
their toxin producing ability when routinely sub-cultured. 


Pure rubratoxins are not very soluble in water, are fairly soluble in alcohols and 
esters and very soluble in acetone. They are completely insoluble in non-polar solvents 
such as chloroform. Pure rubratoxin B crystallizes from diethyl ether as rosettes of 
needles and from mixtures of benzene and ethyl acetate as long lathes. It may crystallize 
from amyl acetate as regular hexagonal plates. Rubratoxin A is much more soluble in 
ethyl alcohol than Rubratoxin A. They both decompose on melting. Rubratoxin A is 


unstable in alkaline solution and the solution slowly develops a yellow color and slightly 
pungent smell. 


The LD50 of Rubratoxin A & B is 3.0-6.6 mg/Kg in mice using propylene glycol 
as the carrier. When DMSO (Di-methyl] Sulfoxide) is used as the carrier, the LD50 (IP) is 
.37 mg/Kg. When sub-lethal doses are used, the toxicity is limited primarily to liver 
related damage. Toxic levels cause hemorrhaging and congestion of the visceral organs, 
especially the liver and kidneys. Some combination tests seem to indicate that the 
rubratoxins have a potentiating effect on other more deadly toxins such as aflatoxin. 
Rubratoxin and aflatoxin B act synergistically when administered to rats simultaneously. 
They increase the acute toxicity of either toxin but have no effect on the carcinogenic of 
aflatoxin. The toxins are also is teratogenic. 


Fresh corn samples inoculated with P. rubrum and A. flavus separately, showed 
the P. rubrum to yield greater acute toxicity in the test animals that A. flavus indicating 
that the rubratoxins are more toxic directly than the aflatoxins in corn fed field 
conditions. A subsequent test in which aflatoxin B was added to rubratoxin at only .01 
mg/ day showed significant increase in toxicity. 


Rubratoxin has also been isolated from P. purpurogenum grown on Czapek-Dox 
medium supplemented with malt extract and yeast extract at 25 C for 21 days. Yields of 3 
gm/liter were reported. 


Sterile soy whey fortified with malt extract and incubated with P. rubrum for 28 
days at 28 C yielded both rubratoxins while cultures at 40 C produced no toxin. 


8) Cyclopiazonic acid (CPA) and related toxins 


Certain hay, grains and feeds containing P. cyclopium were implicated in the 
1960’s in moldy corn toxicosis in farm animals. The organism is frequently encountered 
in stored grains and foodstuffs intended for human consumption. In 1968, P. cyclopium 
was isolated from groundnuts which caused acute toxicosis in ducklings and rats. It was 
grown on corn meal for large scale cultivation and the toxins were extracted with 
chloroform-methanol. A fraction soluble in sodium bicarbonate solution was then 
obtained that contained a new toxin called cyclopiazonic acid. It was found to be the 
main cause of toxicity of the fungus. A flavus (26% of isolates) has also been found to 
produce CPA. 


Cyclopiazonic acid is a colorless crystalline solid which melts at 246 C. Grown in 
Czapek-Dox medium, peak production rates of 4.2 gm/liter were achieved using sodium 
nitrate as the nitrogen source. Initial pH of 5.5-8 in the medium gave the best results. 
About 2/3rd of the acid was found in the mycelium and 1/3™ in the medium. The cultures 
were grown at 25C and shaken during growth. The seed for the culture could be either 
spores or mycelium transferred to the medium. 


When injected into rats (IP) at 2.3 mg/Kg, toxic convulsions were observed 
followed by death in 20-100 minutes which indicted it was a potent neurotoxin. Oral 
dosage required two days before mortality without the convulsions but with coma. This 
suggests slow absorption from the intestinal tract in the rat. The oral LDS0 in male rats 
was 36 mg/kg and 63 mg/kg in female rats. Chicks and ducklings died with single oral 
doses in 20-100 minutes. 


Autopsy revealed cellular changes in the liver, kidneys, pancreas and spleen. 
These included necrosis and hyaline degeneration of the myocardium. CPA is insoluble 
in aqueous solvents with a pH below 7.0. This suggests that when the toxin reacts with 
stomach acids, it becomes insoluble which accounts for its low oral toxicity. 


P. cyclopium has been recovered from fermented sausage, raw ham, frankfurters 
and country cured ham. These strains all produced toxic acid when grown in special 
media for 21-28 days at 25 C. Substrates high in carbohydrates seemed to increase toxin 
production. They would grow luxuriantly on the sausages without producing toxin over 
4-5 weeks but would begin forming toxin after 5-6 weeks at 15C. 


A tremorgenic toxin has also been isolated from P. cyclopium which do not 
produce the toxic acid. It was formed in the mycelial mat on grown on various aqueous 
food products. The toxin was extracted with ethyl acetate. IP injection in rats produced 
marked tremors at only 250 mcg/Kg which lasted for several hours. At doses of 2.5 
mg/Kg, the tremors soon progressed to clonic and tetanic convulsions followed by death. 


P. granulatum and P. crustososum also produce the tremorgenic toxin. In 1969, 
another toxic alkaloid called cyclopiamine was isolated from P. cyclopium in moldy 
groundnuts. 


Since 1968, more than 15 tremorgenic toxins have been isolated from fungi. 
These toxins consistently produce sustained tremors in lab animals. Some are produced in 
the soil which may be ingested by grazing animals. 


9) Miscellaneous Penicillium toxins 


The genus of Penicillium, along with Fusarium and Asperigillus contains large 
numbers of toxin producing species. These delicate paintbrush-like organisms are found 
worldwide in which they decompose plant matter, spoil food and infect other species. We 
will mention a few more Penicillium species and toxins in this section that may be useful 
as weapons. 


Mycophenolic acid is a strong antibiotic substance that was purified and 
crystallized in 1896, although its properties were unknown at the time. It was isolated 
from moldy corn and when it is mixed with ferric chloride it yields a blue color. Several 
strains since then have been discovered which produce this substance including P. 
stoloniferum, P. glaucum, P. brevi-compactum, P, viridicatum, and P. bialowiezense. 


Medium used to produce mycophenolic acid were Czapeks modified with either 
2% malt extract and corn steep liquor which are indispensable for production. Antibiotic 
activity against bacteria was detected from cultures in 7 days and peaked at 14 days (at 24 
C). The acid was first extracted in 1913 using hot sodium bicarbonate on both the culture 
medium and the mycelium followed by acidification of the filtered alkaline solution using 
hydrochloric acid. Adding the acid precipitated clusters of needles along with a dark 
impure material. Hot toluene dissolved most of the crystalline material which re- 
crystallized on cooling. The needles still retained some color which was removed with 
charcoal. Another procedure was to form the potassium salt of the acid which is insoluble 
in ethanol. The ethanol readily dissolves the colored impurities. It was dissolved in hot 
water and precipitated with hydrochloric acid. The melting point is app. 140 C. 


The crystals give an intense blue color in solution when ferric chloride is added. 
They are nearly insoluble in cold water but can be re-crystallized from hot water 
solutions. It is stable in hot acids and alkaline solutions. Its potassium salt is soluble in 
water but insoluble in ethanol while its other metal salts are insoluble in water. 


Studies in 1946 found that mycophenolic acid is a strong antibiotic, inhibiting 
most gram positive and some gram negative bacteria. It was also found to inhibit anthrax 
bacilli. Many strains of fungi that are pathogenic to man and plants are also susceptible to 
the acid. They also found that it killed leukocytes immediately at concentrations of 1:200 
and in three hours at concentrations of 1:500. 


Mice injected (IV) with 2 mg of the sodium salt of the acid became ill. At 5 mg, 
there was a prolonged illness and a 10 mg dose was lethal in 2 hours. Topical 
applications were not toxic. The acid acted as a spleen enlarging agent 
(immunosuppressant) in mice infected with mouse sarcoma virus. 


Decumbin is a toxin produced by P. decumbens. Colorless, odorless short needles 
which melt at 204 C were obtained from the culture filtrate of this species which was 
found growing on moldy corn in 1958. It was grown in a broth containing potato extract 
plus 2% glucose. A heavy spore inoculum provided complete growth in 6 days at room 
temperature. Large needles of decumbin formed on the sides of the bottle as early as the 
eighth day. 


The fungal mycelium was extracted with hot methanol and the remaining broth 
was chilled to 10 C to precipitate the decumbin. This was then collected and extracted 
with hot methanol. The hot methanol is then chilled, filtered, diluted with water and then 
concentrated under vacuum until all the methanol has evaporated away. Decumbin 
crystals form during concentration. The crystals melt at 278 C and the maximum yields 
were 278 mg/liter of culture. Completely pure crystals were obtained by washing the 
crude crystals with petroleum ether followed by re-crystallization from 50% aqueous 
methanol and ethyl acetate. 


Pure decumbin has low solubility in water and is insoluble in non-polar organic 
solvents. It is fairly soluble in ethanol. It has some antibiotic properties but is lethal to 
rats at doses of 200 mg/Kg in 24 hours. It is also toxic to goldfish and wheat seeds. 


Beta-Nitropropanoic Acid (BNPA) was first obtained in 1958 from P. 
atrovenetum. The organism was grown in Czapek-Dox medium with glucose as the sole 
carbon source and sodium nitrate as the sole nitrogen source. Stationary incubation was at 
24 C in the dark for variable periods. 


The culture broth containing the BNPA was separated from the mycelium and 
extracted three times with / volumes of ethyl ether. The extract residue was subjected to 
exhaustive sublimation in high vacuum at 60-65 C to obtain colorless needles which 
melted at 65-69 C. Average yields of 660 mg/liter were obtained by the seventh to tenth 
days. A peak of 880 mg/liter was obtained by day 12. 


BNPA is soluble in water and several polar organic solvents. It is also produced 
by A. flavus and in several fungi infected plant species. Crude BNPA has an LD50 of 
app. 250 mg/Kg in mice in 40 minutes to 24 hours. 


In 1968, a flock of prized sheep in Tennessee was decimated by feeding corn 
heavily contaminated with the P. crustosum. The sheep showed loss of appetite, 
depression, humping of the back, diarrhea, slobbering, generalized weakness, convulsions 
and death. One of the few surviving sheep was called “dummy” for not responding to 
various stimull. 


This and other stock cultures from the US Army Natick laboratories were used to 
culture the mold and isolate the toxin. The toxin is produced on several natural substrates 
(moistened foods). The most common laboratory substrate used was dehydrated mashed 
potatoes, 2% skim milk solids and 2% granulated sugar (sucrose). Potato usually acrries a 
spore forming, heat resistant bacteria that will also grow in cultures so antibiotics were 
added to this medium. Large scale surface production was obtained using 11” diameter 
pans covered with aluminum foil. 


The 5/8” thick medium was inoculated with a heavy spore suspension in distilled 
water. Growth was rapid at 25 C and the surface soon becomes covered with a greenish 
gray mat which thickens and becomes convoluted after seven days. Toxin, which is 
confined to the mycelium mat ca be detected on day 7 and peaks by day 14. 


The mat is removed from the culture and macerated in a blender. Water is added 
and the suspension is filtered through a fiber glass filter. The filtrate is discarded and the 
compacted solids are chopped and dried in an oven at 80 C until all moisture is 
evaporated. The friable dry pieces are then ground to a powder and extracted for three 
hours with anhydrous ethyl ether which yields a yellow solution containing the toxin 
concentrate. 


The resulting toxin is a cyclopium tremorgen which is very soluble in polar 
organic solvents (especially methanol) and somewhat soluble in non-polar hydrocarbons. 
It is insoluble in water and slightly soluble in dilute hydrochloric acid and sodium 
hydroxide. When the toxin is in solution in chloroform and certain other chlorinated 
hydrocarbons, the solution will change color from grown to green to dark blue when 
exposed to light. This represents degradation of the toxin into several other compounds. 
The toxin crystals do not melt but turn brown and black starting at 180 C. 


The effects on animals with this toxin are classified as tremorgenic-diuretic. All 
animals tested were susceptible to the neurotoxic properties. Because of its water 
insolubility, the toxin is dissolved in ethanol or propylene glycol and then dispersed in 
saline for administration. Within 5-30 minutes, tremors are induced in mice at dosages of 
250 mcg/Kg. Larger doses elicit irritability, limb weakness, and marked tremors. At 2.5 
mg/Kg, convulsions begin usually followed by rigor mortis and death. Survivors recover 
in about 4 days. Rats also exhibit persistent vertigo. The hamster was the most resistant 
of all the laboratory animals to the toxin. Oral dosing produced marked diuretic effects. 


P. puberulum is a frequent food contaminant that produces an antibiotic when 
grown on several moistened foods such as millet, oats, wheat and corn. Toxin was 
detected in wheat and whole grain cultures in as little as 10 days after inoculation with 
spores and as late as 29 days of growth. Toxin yields were very low on other grains and 
synthetic media. 


Day old ducklings fed the toxin by stomach tube became uncoordinated in 15-30 
minutes which lasted for 24 hours in the surviving ducklings. Large doses caused death in 
a few hours. Fatal doses in mice caused a cyanotic coloring of the nose, feet and tail with 
a “wagging” of the head, difficulty in walking, exaggerated stepping motions, apnea, 
brief convulsions, apnea and death. Symptoms lasted for more than a day in surviving 
animals. 


Toxin extraction appears best using methanol for 6 hours of the undried, 
contaminated whole grain wheat cultures followed by removal of the extracted lipids with 
petroleum ether. The methanol-water solution is adjusted to pH of 2 and extracted with 
ethyl ether yielding a yellow solution. The solvent is evaporated and the residue is 
dissolved in a small amount of methanol and added to an aqueous 5% sodium hydroxide 
solution in order to form the water soluble sodium salt of the toxin. The salt solution is 
acidified with concentrated hydrochloric acid and the toxin begins to precipitate out at pH 
of 4.7 and is completed at a pH of 3.0. The flocculated toxin is tan colored and is filtered 
immediately and then washed with slightly acidified water and then dissolved in ethyl 
ether which gives a yellow solution. Slow evaporation yields microcrystals that are nearly 
colorless and rectangular in shape. 


About 1-2 mg of crystals were recovered for each Kg of wheat culture. The 
crystals melt at 236 C to give a black melt which yields larger lance shaped crystals 
which do not melt through 350 C. Injection (IP) of 25 gm mice with .5 g caused severe 


reactions, 2 mg caused prolonged, severe illness and larger doses were fatal. Several 
other toxins are also produced by P. puberulum. 


Griseofulvin is an unusual fungicidal substance that was once used in human 
medicine but has proven too toxic for modern use. It has been obtained from cultures of 
P. griseofulvum, P. janczewski and nine other Penicillium species. Commercial 
production of the toxin were obtained using submerged fermentations in a corn steep 
medium with intermittent additions of glucose (to 8%), 2.5% sodium nitrate, and 
aeration. Using a 10% actively growing inoculum at 30 C, yields of 6 gm/liter were 
recovered at 9 days. 


The mycelium is separated, washed with water and dried at 50 C. Thdried 
material was finely ground and extracted with petroleum ether for 3 days. This was 
followed by a 4 day extraction with ethyl ether which yields a solid residue. This residue 
contained griseofulvin and a nitrogen bearing compound called mycelianamide. This 
residue was extracted using boiling benzene and on cooling forms crystals of the 
mycelianamide. Gradual evaporation of the benzene solution gives successive yields of 
griseofulvin which were then purified by crystallization from ethanol. 


Griseofulvin precipitates as large colorless rhombic crystals from ethanol. They 
have a melting point of 218 C. They are sparingly soluble in chloroform, ethyl acetate, 
benzene, toluene, alcohol, acetone and are insoluble in water. 


Griseofulvin has proven itself to be an effective fungicide when absorbed into 
plant tissues or ingested by animals and humans. Many dermatophytic fungi are very 
susceptible to this toxin and when given daily orally, in guinea pigs, at 60 mg/Kg over 10 
days, it eliminated induced fungal infection of hair follicles. The base of the hair tips 
became free of infection first while the tips continued for a time to show fluorescence 
caused by the fungal invasion. 


The keratin of skin, nails, hair, body fat, liver and skeletal muscle in humans all 
contain concentrations of the toxin after oral dosing. Its use has been restricted due to 
toxicity and side effects including erythema, vesicular and macular eruptions, 
photosensitivity, blurred vision, headaches, vertigo, anorexia, vomiting and other effects. 
The LDSO for rats is 400 mg/Kg. Sublethal doses caused liver and bone marrow damage. 


Xanthocillin X is an unusual isocyanide which was first obtained in 1950 from P. 
notatum. It has also been isolated from A. chevalieri in 1966 when it was discovered to 
be hepatotoxic in experimental animals. 


Xanthocillin X is produced using a 5% inoculum of P. notatum to a culture broth 
which is agitated and aerated for 8 days at 24-30 C or until the mycelium is autolyzed. 
The salt of the compound is obtained by adjusting the pH to 11-13 with either sodium or 
potassium hydroxide. 


The compound is obtained as yellow clusters of needles from alcohol or yellow 
rhombic prisms from ethyl acetate. Both of these char without melting at 200 C. They are 
slightly soluble in alcohol, ethyl ether, and dilute sodium hydroxide. They are insoluble 
in water, benzene, and chloroform but a di-potassium salt may be formed which is 
soluble in water. 


Xanthocillin inhibits several gram positive and gram negative bacteria at low 
concentrations making it a potential antibiotic. It is absorbed poorly by oral and parental 
dosing. It was tested on 20,000 patients for local infections in 1953 and found to be 
effective. Its use at low doses with sulfonamides increased its effectiveness many times 
and no resistance was developed on the part of bacteria populations at that time. 


The LDSO of aqueous suspensions was 60 mg/Kg (IP) and 150 mg/Kg (SC) for 
the guinea pig. For the white mouse, they were 25 mg/Kg (IM), 35 mg/Kg (IP) and 40 
mg/Kg perorally. 


One overall principle of mycotoxin production of penicillia species is that high 
carbohydrate substrates (especially on meats) favors mycotoxin production. 


Chapter 12 


Blue-Green Algal Toxins 


Algae do not fall into the classification of molds directly but for convenience 
purposes your author has decided to include them in this volume. 


Toxic algae are found in marine, brackish and freshwater habitats throughout the 
world. They form dense uni-algal growths called blooms or tides. These blooms are 
responsible for large scale mortality of fish, livestock, waterfowl and humans. It has been 
observed for centuries that livestock which watered on ponds with extensive algal growth 
often became ill and died quickly. In 1878, a scientist reported that a thick scum of algae 
growth on Lake Alexandria in Australia was responsible for the deaths of sheep, horses, 
pigs and dogs. 


In Minnesota in 1886, winds concentrated algae into thick windrows along lee 
shores of various lakes. Animals drinking the water died quickly. Since then, tens of 
thousands of livestocks deaths have been reported from similar causes throughout the 
world. In the fall of 1952, at Storm Lake, Iowa an outbreak of algal poisoning killed over 
5,000 gulls, 500 ducks, 400 coots, and numerous pheasants, squirrels and muskrats. 


A number of outbreaks occurred in the 1930’s where dense growths of algae in 
municipal water supplies were responsible for gastroenteritis. Numerous accounts of 
gastrointestinal, dermatological, respiratory and allergic responses have been due to algal 
growths in human water supplies since then. 


Algal growth on lakes occurs at high rates and cell densities. It was almost 
impossible to reproduce this type of growth in artificial culture or recover toxin until 
1958 when scientists finally developed a systematic approach to the investigation of the 
problem. 


Unialgal cultures were obtained by using capillary pipettes to isolate and wash 
individual colonies or cells from the site of blooms. They are then transferred to sterile 
medium. The blue-green algae have a mucopolypeptide sheath which often harbors both 
bacterial and algal contaminants. Some of these can be removed by rolling filaments or 
groups of cells over the surface of .8% sterile agar. The washed algae material is then 
transferred to suitable culture media and incubated at 20-25 C with shaking or aeration 
and 750-3000 lux (light). 


Nutrient levels in natural outbreak sites is usually much lower than those in 
artificial medium. Cells transferred to the higher ionic strength medium often fail to grow 
or lyse without suitable adaptation. Cells are usually transferred to diluted versions of the 
final mediums as an intermediate step to adapt them to the new nutrients. The diluent can 
be filtered-sterilized lake water or distilled water (1:1 ratio). 


Adding 50mg/liter of actidione retards the growth of eukaryotic cells while not 
affecting prokaryotic cells. This helps to keep chlorophyll utilizing species from 
contaminating the culture or outgrowing the desired algae. A soil extract of 2-5% has also 
been used to enrich the medium. 


The most widely used medium for the culture of toxic blue-green algae is the 
ASM medium which uses the following formula — 





Substance Micromole/liter 
NaNO3 1,000 
MgSO4 200 
MgCl2 200 
CaCl2 100 
K2HPO4 100 
FeC]3 2 
H3BO3 10 
Mncl2 7 
ZnCl2 8 
CoCl2 02 
CuCl2 .0002 
Na2EDTA 20 


When 2-5 ml of isolate is transferred into this medium or a partially diluted 
version of it, there is consistently good survival and growth rates. None of the freshwater 
blue-green algae have been found to require vitamins, but some of the marine species do 
require vitamins, especially B12. 


Microcystis aeruginosa was first isolated, cultured and purified in 1951. The 
optimum thermal growth occurred at 32.5 C with slightly reduced rates at 25 and 28 C 
and significant reduction at 35 C. Toxin production was best at 25 C and 60% lower at 28 
C. In cultures grown at 25 C, toxin production declined markedly at 4-5 days of growth 
which coincided with peak biomass. The interaction of light, aeration and temperature 
determined toxin production rates. Temperature optimum was definitely 25 C. At an 
aeration rate of 100cc/minute and 2,200 lux toxin production was constant from 20-30 C. 
At 16,000 lux, toxin production decreased with increasing temperature between 20 and 
eon Oo 


The LD100 for white mice was constant during the first four days of growth of 2- 
7 x 100,000,000 cells per ml. A marked increase in toxin per cell occurred at days 5-6 
(LD100 = 80 mg/Kg) with cell densities of 9 x 100,000,000. Cell lysis began to occur on 
the 3 day. 


The toxin FDF (fast death factor) is soluble in water, methanol and ethanol and 
insoluble in non-polar solvents such as acetone, ether, chloroform, and benzene. The 
toxin diffuses through collodion, cellophane and animal membranes. It is heat stable at 
neutral pH, non volatile, and is irreversibly absorbed onto charcoal. 


Cells incubated at 37 C from cultured M. aeruginosa that were disrupted by 
freezing or sonication killed mice in 30-60 minutes at much lower dosages than fresh 
cells. The fresh cells usually required 24-48 hours to produce death in the test animals. 
Testing at this time period also established the presence of bacteria in algal blooms that 
produce some toxins (slow death factor). 


To extract and analyze the toxin, lyophilized cells were aqueously extracted at a 
pH of 7.0-10.0 in sodium bicarbonate solution. They were centrifuged and concentrated 
in vacuum. The concentrate was extracted with n-butanol, evaporated to dryness and 
dissolved in water. This water was washed with ethyl acetate, dialyzed at 4 C and the 
dialyzate extracted with n-butanol. The concentrated toxin was then extracted with 95% 
ethanol and stored at 5 C. The LD 100 of the free acid and its sodium salt was 2.0 mg/Kg. 


The species M. toxica produces a similar toxin that is extracted almost identically 
that produced an LD100 of .lmg/Kg (IP). 


Anabaena flos-aquae has produced some of the deadliest cases of algal 
poisoning recorded. Lab studies show that the survival times of this species blooms is 
much shorter than that of Microcystis-FDF. The minimum lethal dose for lab animals 
usually caused death in 2-10 minutes with no detectable abnormalities on autopsy. 


The best culture conditions occurred at a pH of 7.5, light saturation at 3,000 lux 
and temperature of 22 C. Elevating iron concentrations or reducing manganese enhanced 
filament coiling in cultures while deficiency in iron and elevated manganese resulted in 
trichome straightening. 


The toxin (VFDF-very fast death factor) is water and ethanol soluble and 
insoluble in chloroform, acetone and ether. Extraction was achieved using hot absolute 
ethanol. 


Aphanizomenom flos-aquae has been incriminated in many livestock and fish 
mortalities. Attempts to control a toxic bloom in 1964 with copper on Lake Winnesquam, 
New Hampshire produced a toxic fish kill. A similar effort in 1966 on Kezar Lake, also 
in New Hampshire resulted in the death of more than 6 tons of fish. 


In 1968, the first sample of the toxin producing strain was successfully cultured. 
Its initial growth was slow with changes in their spindle shaped fascicles. In a second 
aerated culture, the fascicles decreased in size until they disappeared and the growth of 
the resulting trichomes was rapid. Mass cultures were toxic to fish with a minimum lethal 
dose in white mice of 10 mg of culture/Kg and death occurring within 5 minutes. 


Toxicity in the cell samples peaked at light intensities less than 5,000 lux at 26 C. 
Toxin production was halved at 20 C and almost non-existent at 30 C. The toxin is 
soluble in water and methanol, and less soluble in ethanol. Extraction with acid, neutral 
or basic chloroform was unsuccessful. It is insoluble in non-polar solvents such as 
acetone, ether and benzene. Stored at 5 C, the toxin is stable at pH of 1.0-7.0 with slight 


loss of activity at 11.0. At greater than 20 C, the toxin is labile at a pH over 5.0. When the 
toxin was finally purified and characterized, it was found to be similar chemically to 
saxitoxin and would kill white mice at 1.5-2.0 mcg making it one of the deadliest pure 
substances known. 


Peridinium polonicum is a toxic freshwater dinoflagellate. In the fall of 1962, 
mass mortalities of fish were observed with an extensive water bloom of this 
dinoflagellate in Lake Sagani, Tokyo. Annual developments of the organism occur during 
September and October of each year in the areas of tributaries where water reaches 
temperatures of 20-23 C. Cell densities reach 4-7,000 cells/ml in the upper one meter of 
the lake water. Mortalities were confined to late afternoon when lake waters were 
saturated with dissolved oxygen. The pH at this time was 8.7-9.2 from the photosynthesis 
of the phytoplankton. 


Biochemical studies were performed on the natural blooms that were harvested, 
lyophilized, and stored at 20 C. Toxin activity was pH dependent and peaked at 8.0-9.5. 
The MLD for 20 gm mice was 250 mg/Kg with death occurring in 2 minutes. 


The toxin was initially extracted from the cells with either water, dilute acids, 
methanol, ethanol or acetone. Using pH adjustments, non-polar solvents were effective 
when used with aqueous extracts in concentrating the toxin. 


Summary 


After blue green algal toxins are injected (IP) there is a latent period where the 
animal acts normal. The FDF latent period is usually 30 minutes to an hour while VFDF 
is usually 1-2 minutes. After this, the animal undergoes alternating periods of restlessness 
and quiescence. This is accompanied by changes in peripheral circulation as seen by the 
pallor of the ears and tail and a change in eye color from red to pink. There is then a loss 
of equilibrium and a dragging of the hindquarters often punctuated with spasmodic 
leaping. Next are convulsive contractions of the thorax and a gaping mouth followed by 
death. 


Autopsy reveals an engorged liver, normal lungs, reduced peripheral blood 
supply, and continued beating of the heart. Death is due to asphyxiation. Its chemical 
similarity to saxitoxin suggests that a peripheral paralysis is induced by the toxin. 


Algal blooms are generally described as unusually excessive growth of a single 
algal species. They are usually seen in late summer in many lakes and ponds. They 
usually occur where the water is rich in excess nutrients. The blue green algae begin 
growing in the spring, reach dominance by early summer and a succession of blue green 
algae species takes place during July to September. Temperatures rise to 18-25 C. During 
the midday peak of photosynthetic activity, dissolved oxygen reaches or exceeds 10 
mg/liter with the pH reaching 9.5. Because of the algal respiration, pH will drop to 6.5 
and dissolved oxygen to 1.2 mg/liter by late evening. 


Each algae produces substances that inhibit or accelerate the growth of other algal 
species which is why there is a succession of single species that predominate during each 
phase of the bloom. 


The simplest way to recover potential toxin producing species from algal blooms 
is to take samples from each phase of the “scum” or bloom. The cells are lyophillized and 
then extracted and the dried extract is then injected at various doses into mice. The 
toxicity of each bloom can be measured with the cultures from the deadliest retained for 
further artificial culture. The bloom itself may be harvested on a large scale if desired, 
especially since some of the toxins are among the most potent known to man. The 
following charts give an interesting comparison of the toxicity of various deadly 
substances — 


Toxin Minimum Lethal Dose-Mice(mcg/K. Source 
Botulinum Toxin A .00003 Bacteria 
Tetanus Toxin .0001 Bacteria 
Ricin .02 Castor Bean 
Diphtheria Toxin 2 Bacteria 
Cobra Neurotoxin 20 Snake 
Crotalus Toxin 60 Rattlesnake 
Kokoi venom pa | Frog 
Tarichatoxin 8 Newt 
Tetrodotoxin 8-20 Fish 
Saxitoxin 9 Shellfish 
FDF 50-100 Algae * 
VFDF 250 Algae * 
Bufotoxin 390 Toad 
Curare 500 Plant 
Strychnine 500 Plant 
Muscarin 1,100 Mushroom 
Samandarin 1,100 Salamander 
DFP-Nerve Agent 3,000 Synthetic- 
(Diisopropyl-fluorophosphate) Nerve gas 


Sodium Cyanide 10,000 Chemical 


Chapter 13 


Mold Mutation and Strain Modification 


Mycotoxins are poisons produced by molds that cause disease in plants and 
animals. These mycotoxins can be mass produced in artificial cultures and used as 
weapons against humans as well. 


The molds that produce these toxins are characterized by production of a mass 
that is visible to the naked eye. This mass usually consists of fine filaments called a 
mycelium. Each “thread” of this filament is a fine, tiny tube called a hyphae. Much of the 
mold structures cannot be seen with the naked eye such as individual cells and spores. 


One of the biological processes that we did not discuss yet in this book is what 
happens when different strains of molds, even of the same species, come together in 
nature or on a culture plate. When different molds grow together which each other, 
adjacent hyphae can fuse with each other. This process is called anastomose, in which the 
cellular contents of the hyphae can intermingle and in this manner they may exchange the 
ability to produce certain physical properties and characteristics. 


Inside the tubes of the hyphae, cellular structures called nuclei, mitochondria and 
other sub-cellular organelles can move from place to place along with the food and water 
that is transported to the growing front of the hyphael tip. Enzymes are produced by these 
cellular structures which are excreted outside the hyphae and then break down (digest) 
surrounding materials. These digested substances are then absorbed back into the hyphae 
through the wall membranes and used as food to produce more cellular structures and 
hyphae. Mycotoxins are also produced in this process. 


When molds grow together and anastomose, their cellular structures intermingle 
and each new hyphael structure with the new nuclei will begin to produce different types 
of pigments, spore structures, and toxins. This is why some colonies lose the ability to 
produce toxins in the laboratory or in the field. This loss of ability to produce toxins, 
antibiotics and other substances is called strain degeneration. 


Studies of molds over the last 200 years have indicated that they spontaneously 
change at a frequency greater than that of the mutation rates for normal populations. 
These changes include both sexual and asexual sporulation, formation of aerial mycelia, 
pigmentation, virulence, mating type, and toxin production. These variants are often seen 
in the lab cultures from a single growing inoluclum with the changes observed in 
different parts of the radially growing colony. Terms used by scientists to describe this 
includes strain variation, saltation, mutation, strain degeneration and pleomorphism. 
This is one of the reasons that it is difficult to describe some fungi as belonging to one 
species. Molds can be grown and then cultured later and thought to belong to a different 
species due to these changes. 


Observations in the early 1900’s led researchers to realize that the variability in 
fungi could not be explained on the basis of Mendelian genetics. The genetic instability 
in filamentous fungi caused them to finally be viewed as molds existing in nature as 
combinations of distinct genetic entities. In fact, many genetically dissimilar nuclei can 
exist in the same mycelium in many fungi, and this type of mycelium has been given the 
name heterokaryotic. Homokaryotic colonies contain genetically identical nuclei. 


Molds can be grown in the lab like bacteria, which means they grow in pure 
cultures, produce colonies on agar and artificial media, have simple triggers in the media 
to trigger sporulation and so on. Unlike bacteria, fungi are not single cells, but spores or 
mycelial fragments that give rise to hyphae that extend by apical growth at the hyphael 
tips. A mycelial mass contains young and old cells, and structures at various stages of 
development. This means that phrases that biologists use to describe bacterial growth of 
single cell populations such as lag phase, exponential or log phase, and stationary phase 
do not apply to fungal populations. 


New terms have been developed for mold growth. These include tropophase or 
feeding phase where nutrients are taken in and dry weight of the colony increases, and 
idiophase or peculiar phase where nutrients are depleted, dry weight levels off and this is 
usually the time where toxins are produced. These phrases are used in the antibiotics 
industry by scientists to describe submerged batch fermentations. 


When describing variant strains, they usually mean that the strains arise through 
gradual change from normal members of an identifiable species. The new character of a 
variant is generally not stable but subject to continued change and further variation. 
Variants frequently appear as colony sectors, overgrowths or other localized areas of 
changed appearance. When isolated in pure culture, they may or may not retain their 
distinguishing characteristics. 


The term mutant strains apply to those strains that show abrupt, marked, and 
persistent differences from the known parent or culture. 


Fusarium is considered to be the most variable fungi, although all of the toxin 
producers described in this book will be described in other texts as having considerable 
strain variability. It is common for wild strains to change radically in appearance when 
subcultured in a laboratory. These changes usually involve loss of aerial mycelium and an 
increase in macroconidia. An increase in pigmentation is also observed occasionally. 


Variation in strains has been observed to increase in some strains as the 
temperature increases. The rate of mutation observed accelerates from 25 C to 37 C. By 
irradiating condiophores with ultraviolet light (in solvents or dry), greatly increased rates 
of mutations have been produced. By growing colonies together and allowing the mycelia 
to fuse, certain properties can be combined producing a new mutant or variant that may 
not have existed before in nature. 


[The purpose of this chapter is to introduce the reader to the possibilities of 
genetic modification for weapons production. The best example using the above 
information that the author can think of would be the fusing of the mycelia of highly 
infectious C. immitis or even athlete’s foot species with aflatoxin or trichothecene 
producing species. This would yield a new and particularly insidious weapon that 
ordinary citizens could own and use invisibly as a protection against their governments. ] 


Many fungi also contain viruses, especially those affecting RNA. They were first 
discovered by their association with interferon-inducing properties of Penicillium species. 
Some viruses are the genetic determinants of “killer proteins” while others cause fungal 
diseases. 


The ability to modify microorganisms such as molds, bacteria and viruses may be 
covered in a later volume. If the reader is interested in learning how to modify fungi 
before then, the author will refer you to — 


Handbook of Applied Mycology 
Volume 4 Fungal Biotechnology 


Chapter 14 


Industrial Mycology 


In order to use fungi effectively as weapons in war, you must be able to produce 
them in sufficient quantity to be useful. The purpose of this chapter is to acquaint the 
reader with a variety of methods for mass producing molds and their metabolites that 
have been practiced by individuals and industries. 


We have already described in detail the nutrient requirements for growth, spore 
production and conditions of ideal toxin production for many of the candidate weapons. 
We will focus on the mass feeding of these fungi to maximize the amounts of colony 
mass and toxins. There are two main techniques of mass production, and these are — 


1. Growing the mold on a solid substrate 
2. Growing it in a liquid submerged medium 


Growing molds on solid substrates is the simplest and requires very little, if any, 
equipment or monitoring. Liquid cultures require a holding tank and considerable 
agitation and aeration to keep nutrients mixed and to maintain enough dissolved oxygen 
to support growth. Oxygen has a low solubility in water and is absolutely necessary to 
maintain growing colonies so it must constantly be added to the liquid. It usually takes 
about 100 parts of oxygen pumped into a medium in tiny bubbles for one part to become 
dissolved. The advantages of the liquid medium is that the temperature, pH and nutrients 
of the medium can be monitored and maintained for best production,,. 


Culture Improvement 


The cultures used in producing weapons are usually selected from pre-screened 
samples obtained from nature. This can be as simple as taking samples of corn kernels 
from the ends of ears (or from the soil under the grain) and growing them on pans with 
wet paper towels underneath. The colony growth is observed and then in a few days, 
when the toxin production starts, the molds can be examined with an ultraviolet lamp. 
Very large numbers of candidates (thousands) can be screened in a few days using this 
method. The best growers and toxin (blue fluorescing in the case of aflatoxin) are 
selected for production. In the case of trichothecenes, the samples can be graded for 
dermal injuries on mice or guinea pigs. This method is called strain selection. 


Improvements in selected strains can be made by mutation as described in the 
last chapter. Those methods used in commercial mold industrial settings include exposing 
spores and other parts to ionizing (ultraviolet) radiation in diepoxybutane, and chemical 
mutagens such as N-methyl-N’-nitro-N-nitrosoguanidine (NTG), nitrous acid phenethyl 
nitrogen mustards and ethylene-imino pyrimidines. Mutation frequencies are increased 
over natural occurrence rates by 1,000-10,000 times using these materials. The Aspergilli 
happen to be especially sensitive to solutions of .2% sodium nitrite which yields many 


morphological mutants. Improvement programs generally mutate and screen thousands of 
strains daily in military and industrial organizations. Screening could include getting the 
high toxin producing strain to grow on a selected grain or substrate rapidly, or it might be 
to combine properties of two species for infectious properties and use of a toxin 
producing pathway that it did not have previously. 


Genetic recombination by patented processes can allow the true hybridization of 
fungal species. A combination of a T-2 toxin producer with an infectious species of fungi 
such as C. immitis or one of the athletes foot and jock itch families can create weapons 
with entirely new properties. This example combined with bacteria based weapons in 
combination, would find enormous value on a battlefield. Inhalation weapons that 
included such a fungi combined with Clostridium cocktails would likely yield fatal 
weapons that would cause gangrene in the lungs and that would persist beyond the use of 
antibiotics. It would also be effective in overcoming immune system defenses by causing 
injuries in the lungs which would physically block lymphocytes, immunoglobulins and 
other protective substances. Some could also be designed to counter the effects of 
antibiotics or use antibiotics as food. 


Early Fungal Fermentations 


The earliest records of using molds to produce fermented foods go back about a 
thousand years to the south of France where mycelial fungi were used to make Roquefort 
cheese. It was only in the 20" century that the effects and use of the molds were actually 
well understood. P. roqueforti turned out to be one of the few molds that would grow 
under the limited oxygen in the narrow spaces of the curd. The growth of molds used to 
flavor cheeses include Brie, Camembert and other varieties. In these, the molds P. 
caseicolum and P. camemberti are surface growers. 


The earliest mushrooms were produced in Japan and China where “shitake” 
spores were inoculated into specially prepared wooden logs and left to incubate for 
months before the sporophores are harvested and eaten. It is estimated that the practice 
may be 2,000 years old. Agaricus campestris, the most well known mushroom in Europe 
has been cultivated in caves since the 18" century. This technique applies only to this 
particular mushroom which is one of the problems with applying one technique of fungal 
culture to other fungi species. 


Rice Koji in Japan has been prepared since about the 8"" century. A moldy wheat 
bran or rice is grown in trays in a semi solid culture after being inoculated with a culture 
of Asperigillus oryzae. The rice koji is mixed with steamed rice, water and yeast and then 
fermented to make “saki”. Soybeans, salt and rice koji are also used to make soy sauce 
and a semi-solid cheese like food called “miso”. Large scale production of the Koji 
process began when the manufacturers switched from using bran or rice to wheat in 1914. 
This process first involved moistening and then steaming the bran which both sterilized 
and then gelatanized the starch. This was then cooled and inoculated with spores and then 
spread onto the floor of a room (in winrows) or on trays with wire netting bottom that 
improved the aeration. The room was heated at first to start the culture and then as it 


heated up and the fermentation became exothermic, the room would be switched to air 
conditioning to keep it cool. Temperature is kept below 28 C. After 5-8 days the product 
is air dried in the room so it could be preserved without contamination. The scientist in 
charge modified the strains of fungi so they would be tolerant of added antiseptics that 
could be added during production. 


In later improvements, 4,800# slowly rotating drums would be used for factory 
productions. The koji was then extracted with water and precipitated with alcohol for a 
much more concentrated and purer enzyme that could be used in food processing. In 
experiments at lowa State University in 1939, aluminum pots were used in which holes 
were drilled into the bottom and air blown through them to provide aeration. They 
duplicated the process of koji using wheat bran with this technique and applied it to 
alcohol fermentations. 


Another process for preparing similar enzymes around this time period involved 
using corn starch or other grain starch and gelatinizing them in a pressure cooker with a 
small amount of sulfuric or hydrochloric acid. This sterilized the grain mash which was 
then incubated at 40 C. Air was pumped with a hose (at 5# pressure) and air compressor 
into the submerged culture and was stirred. After 24 hours, the batch was cooled to 32 C 
and yeast or mold was added to begin alcohol manufacture. 


In 1867, gall nuts were piled in heaps on a floor and moistened with water. Mold 
would grow naturally in the heaps and after about a month, gallic acid was leached out 
with water. The organism was later identified as Asperigillus niger. The gallic acid was 
used in tanning, printing and other industries. 


In 1891, it was discovered that some growing molds would convert sugars into 
organic molecules such as oxalic, citric and fumaric acids. In 1913, a scientist developed 
a special formula of — 

Sucrose 125-150 gms 
Ammonium Nitrate 2-2.5 gms 
Potassium dihydrogen phosphate .75-1 gms 
Magnesium sulfate heptahydrate .2-.25 gms 


These were mixed into a culture of black Aspergilli at a pH of 3.4-3.5 and then 
incubated to convert the sucrose to citric acid. This method was the basis for the first 
commercial fermentation of sugar by a mold into citric acid and it has been used ever 
since. It was also found that the yield of the citric acid was highest when the development 
of mycelium mass was restricted rather than stimulated. 


In the old European process, the culture solution is dispersed in shallow pans. Up 
to 30 acres of pans were used in one large plant. The pans used were aluminum or 
stainless steel to prevent corrosion. The inoculum was spores spread on the surface of a 
liquid designed for spore production but unsuitable for citric acid production. After about 
nine days, the fragile sporulating pellicles are transferred to a sterile fermentation 
solution and mechanically dispersed. This medium is then distributed to the fermentation 


pans that now contains a medium for citric acid production (above). The spores have also 
been blown over all the pans in the fermentation rooms to seed them. Beet molasses or 
cane sugar are the primary carbon sources. Acid is added to bring the pH down to 2.5-4.0 
prior to inoculation. 


Spores germinate in the first 24 hours and a thin white pellicle of mycelium 
covers the surface of the solution. Sterile humidified air is blown over the surface of the 
pans at 30 C. In 5-6 days, the mycelium is a crinkled or folded mat on the surface. The 
humid air is discontinued and in 8-10 days all the sugar is converted to citric acid. If the 
pH rises over 3.5, considerable oxalic and gluconic acids may be formed. Iron favors 
production of pigments, sporulation and oxalic acid. The sporulating mycelia produce 
little citric acid. 


In 1924, it was found that certain strains of Asperigillus niger would produce 
gluconate on the surface of a liquid culture if the pH was kept near neutral. This led to the 
industry of using liquid cultures on trays with a sugar in the medium to grow the mold 
and make the gluconic acid. 


In 1928, Fleming isolated Penicillin from P. notatum which he grew on a solid 
medium in surface culture. The first British company grew the mold on a liquid surface 
culture during WW2 to make the antibiotic commercially while the American companies 
used submerged fermentations. The British method involved using a bottling plant and 
filling individual flasks or milk bottles with medium and growing them at a slant to 
maximize the surface growth area. 


[In one of the amazing secret stories from WW2, one of the original science 
papers on the process were read in Holland and certain enterprising Dutchmen found a 
culture of P. notatum in their national collection and used it to make their own penicillin 
and treat patients with it without the Nazi’s ever finding out. This should offer a solid 
lesson on the potential of invisible and self reproducing bio-weapons that can be 
concealed, produced and used against police states. ] 


X-rays and ultraviolet light was used to mutate strains of penicillin producing 
fungi obtained from a moldy melon bought in a Peoria, Illinois store in 1945. Out of more 
than 85,000 mutants screened, 398 were auxotrophs, one of which yielded the 
commercial quantities under special growth conditions that finally provided this 
antibiotic to the masses. 


Mushrooms were first cultivated in caves in France in 1683-1715. Manure 
obtained from horse stables was (and still is) used for medium because of its self heating 
properties. It was stacked into ridge beds in rows on the cave floors. The beds were then 
inoculated with soil that contained the mycelium of the desired mushroom species 
(Agaricus bisporus) that grew near the horse manure heaps in nature or horse pastures. 
Anywhere the horses stood in which the mushrooms grew was considered suitable. 


Modern production involves the use of trays or shelves on which to incubate and 
grow the mycelium. Tunnels, caves, sheds and basements were commonly used to 
provide the cool, humid conditions necessary to promote fruiting body formation. 


Early 1900’s methods of producing mushrooms involve taking the spores directly 
from the mushrooms and culturing them under suitable conditions in artificial media. 
Milk bottles are filled with manure, plugged with cotton wool and sterilized to kill 
contaminating molds, insects and bacteria. This bottle is then inoculated with the spores 
or mycelium at about 21 C. The bottle is then used to seed the trays in large scale 
production. 


In modern culture, chalk and water are added to grain (rye is the most popular but 
wheat, millet or sorghum are also used) which is used to grow the mycelium and form the 
grain “spawn” that is sold today. The nutrients available in the grain accelerates the 
growth of the mycelium in the beds and its granular nature makes it easy to handle. 
Mixtures of straw and horse manure form composts that are seeded with spawn. The 
spawn will develop mycelium in unfermented horse manure but does not develop without 
the heat generated by the straw mix. 


A shortage of horse manure in the 20" century led to the development of 
alternative compost which usually consists of corn cobs, legume hay, gypsum, 
ammonium nitrate, muriate of potash, and dried brewers grain. Straw and dried blood or 
blood meal have also been used successfully with minor ingredients added. Other animal 
manure has also been used as a substitute in straw based composts. 


Making good compost requires keeping the stack at 50-60 C and well aerated 
inside and out. In practice, straw and manure are mixed together and water plus nitrogen 
sources are added to start the fermentation. The stacks are regularly turned to maintain 
aeration and ensure thorough mixing of the ingredients. The stacks begin to heat up from 
microbial activity. The stacks are transferred to trays and these are placed into the 
buildings (heat rooms). Gypsum is added to the mix to help it retain moisture and 
encourage mycelium growth. Microbes grow in the compost using many of the nutrients. 
In the end, the microbes themselves become food for the mushrooms. The better the mix 
of microbes in the final compost, the more fruiting bodies are formed. 


General Operating Ideas 


Maintenance of effective producing strains is a problem and one of the most 
effective ways of maintaining good seed stock is to place the cultures into sterilized soil 
samples and refrigerate or freeze them. They can also be maintained in solutions where 
part of the culture has lyophilized and provide nutrients for the remainder. They are 
drawn on as needed. 


Spores are harvested in laboratories by brushing the surface with a sterile paint 
brush after the surface is treated with a tiny spray of a surfactant like Tween 80 or sodium 
mono-laurel sulfate. 


Cereal grains such as cracked corn, barley, hard wheat bran and other listed for 
the particular organisms can be used for sporulation. Water is added to the grains and 
allowed to soak in before sterilizing and the atmosphere is maintained at 98% humidity. 
This is because most fungi nee a film of water around them to initiate mycelial growth. 
They can be grown in flasks, on trays or in any other suitable container. After 6 days of 
incubation at 25-28 C, the spores can usually be harvested. Certain Asperigillus and 
Penicillium species can be grown and mass produce spores on whole loaves of white 
bread. 


In tray production, trays can be loaded with medium and spores and the trays 
stacked on top of each other for best use of the available space. Spores are separated from 
the rest of the medium and mycelium I some factories by dumping the tray contents into 
mixers with a detergent solution and water. The batch is vigorously agitated and then 
discharged as a slurry. The moldy grain and mycelium rapidly settle to the bottom while 
the spores remain in suspension for a very long time (many of them float). The 
suspension can be filtered through glass wool to recover most of the spores which pass 
through. 


Production of toxins or other metabolites require the addition of nutrients which 
favor their formation. The nutrients are mixed into the medium and then the substrate is 
inoculated with spores. 


When the toxin is water soluble and is also a protein, it is usually extracted with 
water and then the solution is saturated 10% at a time with sodium sulfate or ammonium 
sulfate. Proteins tend to precipitate out of strong salt-water solutions, especially at 
hydrogen ion concentrations close to their iso-electric points. Sodium sulfate can be 
added up to 40% and ammonium sulfate can be added to 70% saturation point. 


Adding alcohol, acetone or methyl! ethyl ketone to the water can also precipitate 
the toxins from the solution. 


Chapter 15 


Mold & Toxin Weapon Considerations 


Deciding what molds or toxins to use as a weapon depends on several things. The 
most important is the availability of the source mold. Toxic mold spores are found 
virtually everywhere on earth and in practically every type of foodstuff. Even in a prison 
or POW setting a person with the knowledge can grow toxic molds and water extract 
toxins. 


This chapter will cover the following areas — 

1. Weapons purpose 

2. Weapon recovery, growth, production and material handling 
3. Weapons Form 


1) Weapons Purpose 


In almost any location on earth, most of the mold or related members of their 
groups can be recovered and cultured. This allows more flexibility in weapons choices. 
The most important feature of producing effective mold based weapons after availability 
is the weapons purpose. The weapons purpose generally falls into five broad categories of 


a) Plant disease 

b) Toxin attack 

c) Infectious attack 

d) Biochemical special effects 


a) Plant Disease 


Plants become infected with a wide range of fungal pathogens. Many of these are 
specific to the particular plant. Some of these cause illness in humans if the feedstuff is 
consumed or touched while many of these destroy the plants. A number of fungi also 
cause the plants to produce toxic components in combination with their own metabolites. 
These can cause illness and fatalities in livestock. 


This author felt that a serious work on the use of plant disease was beyond the 
scope of this book and not practicable on a small scale. If practiced as part of national 
policy and using the scientific and financial resources of an entire country, it could be 
used to destroy an enemies food supply and cause widespread catastrophe in the areas 
affected. 


The general operating principle in this type of warfare would be to identify the 
potential crop pathogens for the target area, recover them from the area and study all 
related papers to their cultivation and life cycle. Since these types of organisms tend to be 


harmless to humans, all that is required after cultivation would be the direct mass 
dissemination of spores or mycelium into the target area. 


B) Toxin Attack 


The primary toxins described in this book that can easily be applied and used as 
weapons would be the aflatoxins and the trichothecenes. The other toxins would follow 
the same principles outlined here. 


Aflatoxins are capable of killing or causing acute liver damage at small doses. At 
tiny (microgram) doses over longer periods of exposures, it can cause fatal mutagenic, 
teratogenic and carcinogenic illnesses. These properties allow its use in two broad 
categories of weapons. The first type of weapon is the direct exposure weapon. These 
weapons involve the mass growth and production of the toxins. The mycelium and 
medium can be used directly as a contact, inhalation or ingestion weapon. Alternatively, 
the mycelium and medium can be extracted with a liquid, and the liquid dried to 
concentrate the toxin to 10 times or more. 


The physical production of the toxin and its extraction gives a substance that can 
cause harm or death. The toxin is then place in a form in which it may be used as a 
weapon. This can take the form of a liquid which may aid in sticking to the target (a 
surfactant or adhesive), may aid absorption through the skin (di-methyl sulf-oxide), or a 
simple aerosol that floods the air that touches the skin or is breathed in and ingested from 
accumulation on mucus membranes. 


The liquid can be a concentrated form of the extract or a special substance with 
enhancing properties. The oil of poison ivy would be an example of an enhancement 
which would promote self inoculation of the toxin. 


The toxins can be dried to a solid crystal or paste form and used a solid weapon. 
Solids can be used to form dust aerosols and the nature of the dust can be designed to 
allow for a huge range of properties. These can include using a silica based material such 
as asbestos or diatoms as a ship to carry the toxic cargo. These materials cannot be 
broken down chemically inside the body and therefore provide safe harbor to the toxins 
and any accompanying organisms that are inhaled. These types of mixtures make 
excellent combination weapons. The asbestos can act as a ship to carry the toxin inside. It 
may act like velcro making it impossible for the target to expel it as sputum from his 
lungs. The toxin can be T-2 which causes dermal necrosis. 


This type of injury destroys surrounding tissues and turn it into food for 
microorganisms. The addition of infectious bacteria and/or mold spores allows species to 
germinate and grow in this new environment that is now rich in food. The necrosis can 
cut off surrounding blood supplies, inhibit air flow, and prevent the bodies immune 
system material from reaching the infection site. Without air, more tissues die and 
anaerobic species like Clostridium can now grow causing gangrene. A large supply of 
spores insures sustained and repeated infection at each dust particle if massive antibiotics 


fight off the first infection. The fatality rate with this type of weapon should be very high 
with few treatment options. 


The aflatoxins used in this example are capable of causing cancer at very low 
doses when exposure is sustained. Weapons designs which allow the mass distribution on 
carriers that dilute the toxin to these levels are the most effective. Sustaining the toxin 
and maintaining its low levels in the environment longer term require repeated delivery 
into the target area. The weapon can be designed to self deliver and distribute itself in 
small regular doses. Formulas that resemble feed blocks for cattle that are distributed as 
tiny granules may fit the bill. As the weather slowly degrades and liberates the granules 
layer by layer, the toxin is slowly and continuously released in the same place on a daily 
or weekly basis. Those in the area continue to receive the tiny doses without illness or 
awareness of their exposure until the liver disease and cancers finally begin show up in 
significant numbers at the hospitals. 


By this time, entire cities or armies can be decimated and the cause completely 
disappeared from the environment. Micropellets can be designed to include 
immunosuppressant formulas so that whatever bacteria populations that the targets are 
exposed too become weapons as well. 


b) Infectious attack 





A number of fungi are capable of reproducing on human tissues. The most 
obvious are those that invade the skin tissues such as the athletes foot and jock itch 
causing species. The common requirements for growth are exposure to the organism in 
sufficient numbers (hyphae and/or spores) and moisture. Weapons design which would 
enhance the infectious ability would include a source of moisture that could exist inside 
the dust or as part of an aerosol without being consumed until it is needed. Solidified 
water such as methylcellulose and jelled formulas can be incorporated into the mix. 
Certain hydrated substances give up water when coming into contact with human skin 
(from body heat) which would aid in germination and infection. These skin invaders can 
be combined with other bacteria that would infect the newly exposed underlying tissues. 


[These designs form part of the concept of a class of weapons called multiplier 
effects weapons. These weapons self grow, distribute into the environment, and can be 
formed into combinations with multiple effects. ] 


Some organisms will invade and cause lung disease resembling tuberculosis. This 
is because of the slow growth properties of the fungi. Typically, very large exposure is 
required to become infected. This is seen in agricultural areas in which species like 
Asperigillus produce spores in large numbers. Asperigillosis is a serious disease. The 
ability to artificially induce this disease as a result of a weapons use is based almost 
entirely on exposure rates. The greater the exposure the greater the rates of infection. The 
release of massive amounts of Asperigillus spores and mycelia would be practically 
undetectable and would not produce effects for weeks to months. Combined with 


enhancements, these weapons offer the potential of a massive means of waging war that 
would go largely unnoticed for months. 


The fungi C. immitis is highly infectious in its own right and can be cultured and 
added to any of the already mentioned designs as a direct effects weapon. In most cases, 
many humans can fight off these types of infections. When the human immune system is 
confronted with multiple insults, it eventually becomes exhausted and cannot defend the 
body. It is under these conditions that very high fatality rates can be obtained. 


c) Biochemical special effects 


In the 1960’s several tests were conducted by the US military using spores. The 
Army radio-labeled fungal spores and released them on the first floor of a public 
building. Within 10 minutes, the spores were detected on the fourth floor at levels 
exceeding 1,000 spores per cubic foot. The purpose of the test was to measure the ability 
of the spores to quickly spread and enter into all parts of an environment they are carried 
into by tiny disturbances in the air. 


During the 1960’s, great strides were made into the study of the pigments 
produced by different species of fungi. Some of the toxins and pigments fluoresced at 
certain wavelengths and some could be used as dyes to stain human tissues as tattoos. 
Most of the fluorescing compounds have since been synthesized and produced in the 
laboratory. A few have been produced industrially. It soon becomes obvious that these 
fluorescing dyes could be used to immerse spores, such as those that were used in the 
distribution test. Such spores would saturate a local environment and stain, or tattoo all 
human skin in the exposed areas. The tattoo would be invisible in normal light and could 
only be seen under ultraviolet light. The spots caused by the tiny spores would be so 
small that they would be as invisible the spores themselves. They would only be able to 
be seen under conditions of massive amplification, such as those encountered in modern 
laboratories with chromatographic and spectroscopic equipment and in deep space 
telescopes and microscopes. 


The uses of this spore tattoo concept and its permutations include — 


KGB headquarters and training centers. In 1970 it was the height of the cold war. 
Special US-CIA and US Army operatives take heir special fluorescent labeled mushroom 
spores and drop them off upwind of these areas locations regularly. After a short period 
of time, these areas are super saturated with spores. The dye they use fluoresces red at a 
particular wavelength, say 260 nm. They provide a special detector like a video camera or 
space telescope which sees in ultraviolet and sends the signal to computer which 
amplifies this wavelength millions of times. Now, anyone who has come into contact 
with the invisible spores carries tiny, hugely amplified spots all over their face, hands, 
arms and the rest of their body. They cannot be seen with the naked eye since people do 
not see in the UV spectrum. They cannot be seen with UV equipment because the spots 
are still too small. Like the spores that carried them. With the super UV telescope 


however, they can now be seen, just like the invisible stars and galaxies in the night sky 
are made visible with the Hubble telescope. 


The CIA agents operating around the world can now monitor every airport, every 
embassy, every trade location and can see the invisible brands carried by those 
individuals who had been to the KGB headquarters or training centers or both if different 
wavelengths and colors had been used. They could now identify with absolute certainty 
all of the enemies agents without error. Even those of the Soviets allies who had sent 
agents there could now “glow in the dark”. Science can reveal the invisible truth. 


Imagine for a moment that an enemy decides in the year 2000 that they want to 
know all the US CIA, FBI, and military intelligence agents. They simply super saturate 
the upwind areas of Langley, Quantico, and FBI headquarters and regional offices with 
their own versions of these labeled spores. They can now separate the agents of these 
institutions from the legitimate tourists as they pass through the worlds airports and travel 
to the worlds hot spots. Unless you happen to have detection equipment that detects and 
amplifies that same exact frequency, color and possibly even chemical composition, you 
will never know that every single undercover agent you have employed and trained has 
been branded for life. 


The US Navy launches a very special missile into Afghanistan in the middle of 
the night. Its target is the headquarters of a known terrorist named Bin Laden. The missile 
closes in on its target slowly. As it reaches the target area it does not descend into the 
mass of tents and temporary buildings. Instead it rises into the air to gain altitude. A small 
explosive detonates inside the warhead slightly upwind of the command tent where Bin 
Laden resides. In ordinary conditions, the small blast might have been seen from the 
ground. In this case, a huge cloud of invisible dust obscures all light that might have been 
seen. From an altitude of almost a mile, the cloud quickly disperses into the mild breeze 
until, as it finally reaches the ground, it diffuses into the air into invisibility, each of the 
particles far too small to be seen with the naked eye even in daylight. Each particle 
carries the selected dye. Within minutes, every single individual within several square 
miles is marked for life as an associate of Bin Ladens. Every visitor he has for the next 
few weeks is likewise marked. The US Navy periodically launches a booster marker 
missile to maintain the dust dye in the area. Whenever a Bin Laden branded associate 
travels through any foreign airport or seaport, the CIA and military can now see them 
glow in the dark with the permanent pigments branded into their skin. They know who to 
watch without any guesswork whatsoever. When Bin Laden finally shows up in disguise, 
he is no longer disguised from the multi-spectrum eyes of the secret governments. 


Imagine now that you are a member of the KU Klux Klan. You are hidden by a 
white hood. You can go to a meeting feeling anonymous and safe from a possible 
undercover agent identifying you. An agent was at the location of your meeting a few 
hours before you were. He was planting bugs, he wasn’t even going to be at the meeting. 
He simply dropped the spore packets onto the ground in some bushes on each side of the 
meeting area. Every single member of the Klan who attends the meeting is now marked 
for life with the airborne spore-dye, even under their hoods. Now, the FBI agents watch 


people walk down the street using their special hidden cameras in a van. They see the 
banker, now not wearing a mask with a mottled appearing face. The see the local druggist 
with the invisible spots. They all walk down the street as the do every day, with not a 
single soul knowing where they secretly went the day before, except for the FBI agents 
who can now see them and the brand they left behind. The spores had drifted and floated 
around the site, marking their hands and faces under the hoods. They would forever wear 
the invisible brand for the day when the government wants to quickly sweep up all 
suspect Americans and intern them in times of upheaval. 


The year is 2002. Every American criminal suspect is taken in or arrested, 
fingerprinted, photographed, and then a small piece of paper with a number is rolled 
across their forehead. The number washes off in a few days easily but it embarrasses the 
suspects not yet convicted of a crime. Before they go to court, the number has been 
washed off so no one can see it any longer. One of the suspects escapes and leaves the 
city for another location to live. Five years later, a secret video security camera pans the 
entrance to a football stadium. It sees an invisible number at a particular wavelength on a 
mans forehead. It matches the number of a man wanted for escaping from prison halfway 
across the country. The monitoring computer silently dials the local FBI number and 
informs them of the detection. The agents are dispatched with special detectors which 
quickly locate the suspect in the crowd at the football game. They walk up and arrest the 
fugitive who never knew that he had been marked for life. 


A Jewish church group meets at a local church every week. The grounds on which 
they walk to the entrance has secretly been saturated a treated dust. A hate group with a 
special video camera attached to computer monitors the movements of all the members. 
They can see their invisible brand on the heads and hands of the targeted religious group 
even as they drive down the highway. They follow the cars with the marked drivers 
home. Then the terror begins. 


The undercover agents of ATF, FBI, NSA and others routinely work the guns 
shows in the US to monitor firearms trafficking (which is legal as of this writing if such a 
right even exists to keep and bear arms). Many regular citizens and gun dealers also 
attend and work the shows. The NRA, or another of its more ambitious relatives decides 
that they need to know who is secretly working for the government at these shows. They 
decide to set up a 50 state labeling program. Every week, each gun show in every state 
will be labeled with the states invisible color and frequency. The harmless invisible dye is 
dropped into the trash cans at each show. The impact of the drop sends an invisible cloud 
of spores into the buildings. Every attendee is marked during their attendance. The 
detectors they use monitor every frequency and color set up in the spores. This time 
though, they don’t fluoresce. The government already knows about the dye system and 
has used it themselves so they are on the watch for it. This new system involves a special 
invisible colored ink that needs the detectors to be tuned only to a specific visible light 
wavelength and amplifies the tiny signal so they can be seen on every persons face. 


They can now tell which individuals at the shows fly around the country and 
attend shows in multiple states. They can tell which states and how many shows were 


attended from the densities of the markings. They can cross reference these with the 
license plate numbers of the cars they drive and the truth is quickly known. The day they 
try totake the guns away, the entire secret enforcement arm of the government is no 
longer secret because the visible light stain can be seen by any normal video camera. It 
can be hooked up to any computer which has the correct software and now every single 
agent can be seen and identified by any private citizen with the computer and video 
camera from Wal Mart. 


The invisible, secret wars go on. 


2) Weapons Recovery, Growth, Production and Material Handling 


Recovery 


In the home of almost every single citizen of the world, an entire arsenal can be 
found. It you can make a paper towel wet and place food, grain, or plant parts on it, 
within a few days, molds begin to grow. If you do not have knowledge of how to tell 
molds apart, there are several time tested methods for finding out which ones can produce 
weapons. Wheat flour, peanut products and almost all seed grains from the fields 
(especially the kernels at the tips of ear corn at harvest time) contain toxin producing 
molds. 


The easiest and quickest way of screening thousands of candidate food samples is 
to use fluorescent (ultraviolet) light. The light bulb (black light) can be picked up at any 
Wal-Mart. Many of the toxins fluoresce such as aflatoxin B1 and G1 which fluoresce 
blue or green. Some fluorescences are not toxic however and so these must be checked to 
see if they are the real thing. Each toxin candidate can be sampled and tested with a tiny 
speck of the mycelium taken and fed to test mice. 


The toxicity signs can show up in hours. In the case where the molds are grown 
over several weeks in the refrigerator, the samples can be placed onto the skin of the mice 
or guinea pigs to see if they cause necrosis. If so, you have a trichothecenes producer. In 
this way, any ordinary citizen can quickly acquire the primary toxin producing molds that 
he can build large scale weapons with. The spores from these molds can be sent to 
anyone, or everyone to quickly produce mold equipped citizen armies overnight. All a 
citizen has to do to produce the molds is to grow the spores on moistened and sterilized 
(baked in an oven) food or grain. 


Growth and Production 





The following chart shows a variety of foods and their moisture content as is and 
then when immersed in water for 4 hours so that the water soaks into the food and 
saturates its pores. These materials are then pressure cooked at high temperature to 
sterilize them. You can bake them and then soak them in sterilized or distilled water to 
create the same effect. What you want is to prepare them for growing your desired toxin 


producing molds. In this way, many foods can be quickly tested with the same mold to 
see which one grows the easiest and quickest for you. 


You can also use this method without the sterilizing step to start mold growth in 
the screening and recovery of toxin producing species without using the wet towels, 


Kinds of foodstuffs and their moisture content 
Moisture content (%) 


Food No Water After immersed 
added in water for 4hr 
Dried sweet potato 34.0 78.6 
Salami sausage 18.0 40.0 
Corn 13.1 34.0 
Dried buckwheat noodle 13.2 40.0 
Dried noodle 12.2 40.0 
Dried slice radish 19.2 83.0 
Soy bean 11.8 57.4 
Sesame seed 4.0 40.0 
Dried gourd shavings 27.4 80.0 
Tangle 12.0 84.6 
Azuki bean 14.0 26.2 
Red pepper 13.0 69.2 
Japanease pepper seed 13.2 64.6 
Flakes of dried bonita 18.2 40.0 
Dried persimmon 46.6 50.1 
Dried mysid 28.0 70.5 
Dried small sardine 10.0 40.0 
Dried purple laver 6.0 40.0 
Skim milk powder 5.0 40.0 
Green tea leaf 8.8 40.0 
Dried shrimp 21.5 71.0 
Pepper 15.0 40.0 
Roasted coffee bean 5.6 59.2 
Mustard powder 7.0 40.0 
Curry powder 14.8 40.0 
Slice green garlic 22.8 26.3 
Cinnamon W.2 37.0 








Excess water is drained off after the soaking period. When weapons are being 
produced, the food is inoculated with spores or mycelium and then incubated. This is 
usually done at 25 C except for the trichothecenes which are refrigerated and taken out 
periodically to stand at room temperature for a day about once a week. Many species 
produce the toxins and reach their peak at 8-12 days while a few may take up to 30 days. 


The Trichothecenes can take up to 60-90 days in some circumstances. Dried 
sweet potato and salami are the most effective food substrate for producing mycotoxins, 
although they may not be the best for recovery and growth of the molds. The easiest 
materials to grow the molds on are dried noodles and cracked corn kernels. Antiseptics 
that kill bacteria and not fungi can be added in tiny amounts to help inhibit contaminants 
in the growth feedstock. 


If the mold is the desired weapon or part of a combination weapon, it is taken in 
this stage for incorporation into the weapons design. 


If the toxin or weapon is to be concentrated, then it is extracted at this time using 
water or other solvent such as alcohol (ethanol, methanol, isopropyl, liquor) or kerosene. 
The extracts that contain the toxic fractions will kill the test animals much more rapidly 
than the mold crude mold sample used in the screening process. The solvent can be 
evaporated to leave a paste or powder behind. If it is heat sensitive then it can be air dried 
or vacuum dried using a pressure cooker with a vacuum hose and pump attached. Water 
evaporates much more quickly (boils off) at room temperatures under vacuum. 


If the toxin must be concentrated further and it is a protein, then it can be 
fractionated from the liquid by adding 10% ammonium sulfate at a time to the solvent, let 
it sit in the refrigerator for 24 hours and then filter it off. One or at most two of the 
fractions will contain the super concentrated toxin which can then be tested and then 
dried to a paste or powder. The advantage of a paste is that the contents stick together and 
there is little likelihood of creating an aerosol that will kill everyone in the area. This is 
how the Indians of South America prepare their incredibly deadly darts for use when 
hunting game or other tribes. They can use the deadly toxic plant extracts without fear of 
injuring themselves accidentally by handling it as a paste. 


Material Handling 





Producing small samples of molds that are not infectious can be done easily by 
anyone. In the screening samples, you can grow them on trays or in pans with the lids 
lifted off daily to provide fresh air. If done on a large scale, an air ventilation system 
should draw air from the growth area into a filter that can be incinerated. On small scale 
testing, it can be vented directly as it will be harmless when massively diluted into the 
atmosphere. 


When mass producing large amounts of mycotoxins for use in weapons, several 
other methods are necessary to keep from killing yourselves. The easiest is to grow it in 
ziploc bags (double bagged) or in trays with lids having very tiny needle like holes for 
ventilation. An attachment for a hose or funnel should be prepared so that a solvent can 
be added to the fungal and toxin growth. Once the growth is under a solution, it stays 
there and does not form deadly aerosols unless agitated. The solution can be dried to a 
paste, or thickened with methylcellulose, gelatin or starch, or made sticky with a 
surfactant so that aerosols are inhibited and the toxin concentrated until ready to use in a 
weapon. 


When handling dry growths that contain deadly toxins, a double or triple ziploc 
bag arrangement can be used to grow them. The bag must be ventilated so that the molds 
can continue to grow. An air filter can be used. A surfactant can also be used on the 
inside of the bags to catch most of the dust formed and reduce the hazard. This can be in 
a small sealed cup inside the bag. It can be released after growth to coat the growth or be 
used at the start to coat the lining surfaces. It can also be added in larger amounts at the 
end of the growth to suppress all dusts. Soybean and other liquid grain oils also work 
very well at suppressing dusts at this stage. The invisible aerosols of these fungi make 
incredibly deadly weapons when they are produced in volume. The dust from a single 
dried bag (8 oz) of aflatoxin can conceivably kill up to 1,000 people so care must be used 
to avoid producing visible dust aerosols (if you can see it, it will probably have already 
killed you). 


Other large containers that are used to grow the weapons can be useful if the are 
going to act as the delivery system as well. The ziploc bags can be left in the ventilation 
systems of targeted buildings with a small amount of solvent (kerosene) added to dissolve 
the bags. The self biodegradable bags make the best weapons because they contain the 
weapon until they degrade and release their contents into the surrounding environment. 
These types of designs can make good time delay and booby trap weapons. They also 
release their contents more slowly making good low dose over long time weapons which 
are effective (such as when using aflatoxins as a cancer causing weapon). 


Some weapons can be grown one bag at a time and accumulated over long 
periods, such as a year. Hundreds of bags grown in a day can easily leach enough toxin to 
kill its maker. One bag a day will not and its effects are often detoxified in the body 
(aflatoxin is an exception to this). This allows small exposure rates to be harmless while 
the mass produced and concentrated final weapon will be capable considerable damage. 


A dust mask should always be worn when handling deadly toxins. A gas mask is 
used when the amounts handled and stored become large. Skin protection is essential if 
there is danger of an accidental spill. The mask should be removed only after a shower 
has diluted any toxins that may have gotten on the clothing or in the mask surfaces and 
filters. If you are handling infectious disease organisms, the shower method ill not work 
and can possibly make the exposure worse. Water and showers massively dilute and 
aerosolize the materials you have contacted. If the material is an infectious disease, the 
use of disinfectants, radiation and chemicals may be necessary. A series of showers and 
disinfecting are usually the best bet. 


Liquid cultures can also be turned into jello with the addition and gelatin and 
refrigeration. Since jello melts at 78 F the toxins can be safely stored in a semi-solid until 
ready to use. 


Weapons Form 


The use of Jello has just been described. This can be a useful weapon by itself. 
When refrigerated as a semi-solid, it contains and holds in all the deadly toxic contents. It 
can be taken out on a cool night and distributed into the target area. By dawn, in summer, 
the heat reaches 78 F, the Jello melts and the toxin and mold is liberated to self dry and 
spread around the target area. A dust such as diatoms, asbestos or fine powdered clay can 
be used and mixed into the Jello during its creation so that the contents saturate these 
particles and as they dry they become the fine dust carriers which enhance the weapons. 


The ziploc bags and other containers can also be used as weapons as long as there 
is a time release method of distributing their contents. The bags can be clandestinely 
place inside the ventilation of targeted buildings. It can actually be placed anywhere that 
it will not be seen and be able to release their contents. The tops of unused shelves, the 
roof of the entrance, taped to the bottom of desks. Anything that is invisible to the 
population will work. 


When using a sticky or thickened liquid. The liquid contents can be used as a 
“paint” or coating to deliver the toxins. The underside of desks and chairs, the roofs of 
semi trucks, the tops of doors, and you can even dump the entire contents of a container 
behind a shelf that will go unnoticed. As the contents dry, they are released into the air 
and disseminate into the surroundings, attacking whoever breathes them in or has them 
descend on their skin. The formula can be adjusted for quick drying and release like paint 
using a solvent as the base, or it can be made with surfactants and slow drying solids for 
slow release. 


If you intend to use spore as a carrier or as the weapon, there are a few facts that 
are useful to know. Measurements taken in grain elevators without ventilation have found 
over | billion viable spores of various fungi per cubic foot in the air from the grain dust. 
This level of concentration is nearly invisible and continuous exposure does cause some 
incidence of disease among elevator workers. These spores may represent over 100 
species of grain infecting fungi. Most of these are harmless to humans and these as swell 
as bacteria dilute out the deadly spores to probably as low as a thousand/cu. Ft. Those 
spores that are capable of causing lung infections must be a size of 5 microns or less to 
enter the small air exchange sacs of the lungs where they are not as easily expelled. 


The use of a carrier that dries as solid particles of 5 microns or less are the best 
carriers and spores individually are this small if they are not being carried on a larger dust 
particle. Diatoms are single celled organisms that died and left a silica shell that is that 
small. These are excellent carriers because they do not dissolve and dry as larger crystals 
like most other substances. 


The use of combined weapons such as those which have a toxin that causes a 
necrosis (T-2 toxin) and several different species of fungi to infect the area injured by the 
toxin. When bacteria and molds are combined with toxins of each, the potential 
combinations of weapons designs run probably as high as 100,000. Bacteria and fungi 


that might never infect human tissues can now grow and invade when the toxin is an 
immunosuppressant. This method leaves behind the mystery of why people fell ill and 
died. 


In circumstances where a citizen population is invaded and oppressed, other 
weapons designs can be adapted. Instead of throwing Molotov cocktails at tanks, glass 
jars filled with sticky powders of bacteria and toxins can be thrown. When the tank crews 
try to leave their vehicles they become exposed. The use of washing systems to remove 
the dust creates aerosols that disseminate and kill everyone in the wash off area. They 
also work well for throwing into the path of oncoming troops. A simple garden hose and 
pump with a very fine shower head can be used to spray the weapons into the path of 
oncoming troops. You simply retreat and draw the troops into the contaminated area. 


The use of fine humidifier sand ultrasonic misters can also be used to dispense the 
liquid weapons. If new citizens need to quickly produce these weapons, they can 
randomly grow them from feedlot manure, dead animals (deliberately killed and allowed 
to bloat) in culture. These blood based cultures for bacteria can be combined into dried 
fungal molds and then distributed. Random weapons such as these may be somewhat hit 
and miss and are not as concentrated as professional built bio-ordnance. The advantages 
are that anyone can grow them overnight from a single page of instructions with no 
biological training, they can be incorporated into all types of delivery constructions and 
because their contents are unknown even to their makers, the new combination weapons 
will have hard to defend against effects. 


The mixing of a finished mold or toxin substance into a mix of blood, egg white 
and suitable other material (sodium bicarbonate for anthrax spores) such as a dust carrier 
allows a combination weapon to be grown in a day or two that self dries. The blood and 
egg white is consumed by the bacteria rapidly. Other microorganisms finish the job once 
it is distributed and the material is dried as a powder onto and into the carrier. As the 
powder dries and is carried into the wind, it is saturated with fungal toxin and bacterial 
and fungal organisms inside and out. They are capable of inflicting significant injury on 
any targeted areas. 


The use of infectious and contagious organisms in these designs can quickly 
magnify their effects. The release of spores infected with plague on their surfaces from a 
biodegradable ziploc at an airport can quickly shut a nation down if all airports are 
saturated simultaneously. The bags need not pass any security and can even be dropped 
into the trash cans if their release or dissolving mechanisms act quickly. No one will 
know they were even there for several days. If all airports are affected, when the 
outbreaks are nationwide, it will disguise their initiating locations. Imagine the effect of 
doing this at every airport and train station all at the same day. Now combine this with 
random mailings of the disease to every zip code. One person using a judicious schedule 
could cripple a nation all by himself. 


Now imagine this one person sending this information and the correct organism to 
every member of a particular targeted group that the government just offended on the 


next day while they are still angry. A single one page letter of instructions and you have a 
ready made, angry and highly motivated army ready to wage war overnight. The targeted 
group could be gun owners who just had their firearms registered or confiscated. They 
could be environmentalists who were just hauled to jail en-masse by the police. They 
could be a labor union who were broken by governmental decree and made unemployed 
in huge numbers. 


A person does not have to fight unjust government, he only has to arm everyone 
else to do it. As the government becomes more repressive, more people will be willing to 
fight. Instead of setting up cells to fight, one at a time, you set up army builders. Each one 
independent and each one capable of arming peoples and groups they do not even know. 
The army builders never have to fight or be seen. They never meet the people who do the 
fighting and are not associated with them. They need not even be in the same state or 
country. More will be said of this concept in the next volume of this series. 


